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Abstract
+HDUWLVRQHRIWKHPRVWLPSRUWDQWRUJDQVLQWKHKXPDQERG\DQGGLVRUGHUVLQLWVIXQFWLRQLQJFDQFDXVHVHULRXVSUREOHPV$UUK\WKPLDVDUH
DEQRUPDOKHDUWEHDWV ,QIDFWDUUK\WKPLDVDUHKHDUWGLVHDVHVFDXVHGE\KHDUWHOHFWULFDOFRQGXFWLYHV\VWHPGLVRUGHUV7KH\DUHFKDUDFWHUL]HGZLWK
YHU\VORZEUDG\FDUGLDRUYHU\IDVWWDFK\FDUGLDKHDUW IXQFWLRQVUHVXOWLQJLQDQLQHIILFLHQWSXPSLQJ7KHKHDUWVWDWHLVJHQHUDOO\UHIOHFWHGLQWKH
VKDSH RI (&* ZDYHIRUP DQG KHDUW UDWH 9DULRXV FRPSXWHUEDVHG PHWKRGRORJLHV IRU DXWRPDWLF GLDJQRVLV KDYH EHHQ SURSRVHG E\ UHVHDUFKHUV
KRZHYHU WKH HQWLUH SURFHVV FDQ JHQHUDOO\ EH VXEGLYLGHG LQWR D QXPEHU RI VHSDUDWH SURFHVVLQJ PRGXOHV VXFK DV SUHSURFHVVLQJ IHDWXUH
H[WUDFWLRQVHOHFWLRQDQGFODVVLILFDWLRQ
,Q WKLV UHVHDUFKZH IRFXVRQ ILOWHULQJ WKH(&*VLJQDO LQRUGHU WR UHPRYHKLJK IUHTXHQF\QRLVHDQGHQKDQFH WKH456FRPSOH[HVDQGRQ IHDWXUH
H[WUDFWLRQ 7KH ODWWHU LV WKH GHWHUPLQDWLRQ RI D IHDWXUH YHFWRU IURP WKH (&* SDWWHUQ YHFWRU 2XU IHDWXUH VHOHFWLRQ DSSURDFK LV EDVHG RQ
LPSOHPHQWDWLRQRIRUWKRQRUPDOIXQFWLRQV5HSUHVHQWLQJ(&*PRUSKRORJ\ZLWKFRHIILFLHQWVRIRUWKRQRUPDOSRO\QRPLDOVUHVXOWVLQUREXVWHVWLPDWHV
RI DI HZ GHVFULSWLYH VLJQDO SDUDPHWHUV ([SRVLWLRQ RI VXEWOH IHDWXUHV RI QRUPDO DQG GHYLDWLQJ (&* SDWWHUQ YHFWRUV DOORZV WKHLU DFFXUDWH
UHSUHVHQWDWLRQ7KHH[SHULPHQWDOGDWDLQFOXGHVUHFRUGLQJVIURP0,7GDWDVHW

.H\ZRUGVRUWKRQRUPDOIXQFWLRQVIHDWXUHYHFWRUV(&*

Introduction
(OHFWURFDUGLRJUDP(&* LVRQHRI WKHPRVWFRPPRQELRORJLFDOVLJQDOVZKLFKSOD\DVLJQLILFDQW UROH LQ WKHGLDJQRVLVRIKHDUW
GLVHDVHV 7KH (&* LV D WLPHYDU\LQJ VLJQDO UHIOHFWLQJ WKH LRQLF FXUUHQW IORZ ZKLFK FDXVHV WKH FDUGLDF ILEHUV WR FRQWUDFW DQG
VXEVHTXHQWO\ UHOD[ LQGLFDWLQJ WKH RYHUDOO UK\WKP RI WKH KHDUW DV ZHOO DV WKH ZHDNQHVVHV LQ GLIIHUHQW SDUWV RI WKH KHDUW PXVFOH
1RUPDOO\WKHVHHOHFWULFDOLPSXOVHVRFFXULQDVHWRIUHJXODULQWHUYDOV(OHFWULFDOZDYHVFDXVHWKHKHDUWPXVFOHWRSXPS
'LVWXUEDQFHV LQ UDWH UHJXODULW\ DQG VLWH RI RULJLQ RU FRQGXFWLRQ RI WKH FDUGLDF HOHFWULF LPSXOVH KRZHYHU SURGXFH LUUHJXODU
EHDWLQJRUDUUK\WKPLD3UHPDWXUHYHQWULFXODUFRQWUDFWLRQ39& OHIWEXQGOHEUXQFKEORFN/%%%DQGULJKWEXQGOHEUDQFKEORFN
5%%% DUH WKH WKUHH FDUGLDF DUUK\WKPLDV ZKLFK FDQ OHDG WR RU LQGLFDWH WKH ULVN RI KHDUW IDLOXUH  7KH 39& LV FKDUDFWHUL]HG E\
SUHPDWXUHRFFXUUHQFHRID456FRPSOH[ZKLFKLVEL]DUUHLQVKDSHDQGKDVDGXUDWLRQXVXDOO\H[FHHGLQJWKHQRUPDO456FRPSOH[
)RU FOLQLFDO GHWHFWLRQ WKH 39& DUUK\WKPLD LVPRVW LPSRUWDQW WR EH GHWHFWHG $VZLWK EXQGOH EUXQFK EORFN %%% WKH YHQWULFOHV
UHFHLYHWKHHOHFWULFDOLPSXOVHRQHDIWHUDQRWKHULQVWHDGRIDWWKHVDPHWLPHLWWDNHVORQJHUWRIRUPWKH456FRPSOH[RQWKH(&*7KH
456FRPSOH[LVVDLGWR³ZLGHQ´
&RPSXWHUEDVHGPHWKRGVIRUDQDO\VLVDQG LQWHUSUHWDWLRQRIHOHFWURFDUGLRJUDPVKDYHEHHQVXEMHFW WRLQWHQVHUHVHDUFKIRUVHYHUDO
GHFDGHV2QHRIWKHPRVWLPSRUWDQWSDUWVRI(&*VLJQDOSURFHVVLQJLVLQWHUSUHWDWLRQRI456FRPSOH[DQGREWDLQLQJLWVFKDUDFWHULVWLFV
DVZHOO DV KHDUWEHDW WHPSRUDO LQWHUYDOV VXFK DV55 LQWHUYDO DQG35 LQWHUYDO &KD]DO 3'2¶'Z\HU0 DQG5HLOO\5% 
/ODPHGR0DQG0DUWLQH]-37KHGHYHORSPHQWRIPDWKHPDWLFDOPRGHOVDQGVWDWLVWLFDODQDO\VHVIRUEHWWHULQWHUSUHWDWLRQRI
WKHSK\VLRORJLFFDUGLDFHYHQWVKDVRIIHUHGPDQ\YDOXDEOHVROXWLRQV

3URSRVHG(&*FODVVLILHUVUHTXLUHWKHH[WUDFWLRQRIGLVFULPLQDWLYHIHDWXUHVIURPWKHKHDUWEHDWVLJQDOV'LIIHUHQWDSSURDFKHVEDVHG
RQSDWWHUQUHFRJQLWLRQWHFKQLTXHV&KD]DO3'2¶'Z\HU0DQG5HLOO\5%&KULVWRY,%RUWRODQ*DQGRQGLIIHUHQW
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WUDQVIRUPVDV.DUKXQHQ/RHYHWUDQVIRUP0RRG\*0DUN5+HUPLWHIXQFWLRQV/DJXQD3-DQH52OPRV67KDNRU19
5L[+DQG&DPLQDO3/DJHUKROP03HWHUVRQ*%UDFFLQL*(GHQEUDQGW/6RUQPR/DQGZDYHOHWWUDQVIRUPVKDYH
EHHQ XVHG IRU DSSUR[LPDWLRQ RI WHPSRUDO DQG IUHTXHQF\ FKDUDFWHULVWLFV RI WKH456 FRPSOH[ZDYHIRUPV 6HQKDGML/&DUUDXOW*
%HOODQJHU --3DVVDULHOOR*  (DFK FRHIILFLHQW RI.DUKXQHQ±/RHYH ./ H[SDQVLRQ UHSUHVHQWV LQGHSHQGHQW LQIRUPDWLRQ DQG
SURYLGHV DQ RSWLPDO VLJQDO UHSUHVHQWDWLRQ LQ WKHPHDQ VTXDUH HUURU VHQVH DV WKH./EDVLV IXQFWLRQV FRQVWLWXWH DQ RUWKRQRUPDO VHW
/DJHUKROP 0 3HWHUVRQ * %UDFFLQL * (GHQEUDQGW / 6RUQPR /  +HUPLWH IXQFWLRQV ZHUH ODWHU SURSRVHG DV D XVHIXO
SDUDPHWULFPRGHORI WKH456FRPSOH[7KHPDLQDGYDQWDJHZLWK WKH+HUPLWHPRGHO LV WKDW LW LQFOXGHVDZLGWKSDUDPHWHUZKLFK
SURYLGHVDQHIILFLHQWUHSUHVHQWDWLRQRIEHDWVZLWKODUJHGLIIHUHQFHVLQ456GXUDWLRQ7KLVPDNHVLWVXLWDEOHIRUQRUPDODQG39&EHDWV
DVWKH./DSSURDFKFDQQRWDVHDVLO\KDQGOHVXFKGLIIHUHQFHV
,QWKLVUHVHDUFKZHSURSRVH456FRPSOH[GHFRPSRVLWLRQLQWR+HUPLWH/HJHQGUHDQG&KHE\VKHYEDVLV IXQFWLRQV)RUWKHODWWHU
WZRZHGHYHORSHGIDVWDOJRULWKPVIRULPSOHPHQWDWLRQ

ECG Waves and Intervals
7KHHOHFWURFDUGLRJUDPLVD WLPHYDU\LQJVLJQDO UHIOHFWLQJ WKH LRQLFFXUUHQW IORZZKLFKFDXVHV WKHFDUGLDF ILEHUV WRFRQWUDFWDQG
VXEVHTXHQWO\UHOD[7KHVXUIDFH(&*LVREWDLQHGE\UHFRUGLQJWKHSRWHQWLDOGLIIHUHQFHEHWZHHQWZRHOHFWURGHVSODFHGRQWKHVXUIDFH
RI WKH VNLQ $ VLQJOH QRUPDO F\FOH RI WKH (&* UHSUHVHQWV WKH VXFFHVVLYH DWULDO GHSRODUL]DWLRQUHSRODUL]DWLRQ DQG YHQWULFXODU
GHSRODUL]DWLRQUHSRODUL]DWLRQZKLFKRFFXUZLWKHYHU\KHDUWEHDW7KHVHFDQEHDSSUR[LPDWHO\DVVRFLDWHGZLWKWKHSHDNVDQGWURXJKVRI
WKH(&*ZDYHIRUPODEHOHG3456DQG7DVVKRZQLQ)LJ6LQFH(&*LVPRVWO\FRQWDPLQDWHGZLWKQRLVHH[WUDFWLQJXVHIXO
FOLQLFDOLQIRUPDWLRQIURPWKHUHDOQRLV\VLJQDOUHTXLUHVUHOLDEOHVLJQDOGHQRLVLQJWHFKQLTXHV0RUHDV-&7%6HL[DV029LODQL)1
&RVWD(9

Fig. 1.(&*ZDYHVDQGLQWHYDOV                       Fig 2. 5HDOGDWDGUDZQIURP0,7'DWDEDVH
(DFKEHDW RI WKHKHDUW FDQEHREVHUYHG DV D VHULHV RI GHIOHFWLRQV DZD\ IURP WKHEDVHOLQHRQ WKH(&*7KHVHGHIOHFWLRQV
UHIOHFW WKH WLPHHYROXWLRQRI HOHFWULFDODFWLYLW\ LQ WKHKHDUWZKLFK LQLWLDWHVPXVFOHFRQWUDFWLRQ$VLQJOHQRUPDOF\FOHRI WKH(&*
FRUUHVSRQGLQJWRRQHKHDUWEHDWPD\EHGLYLGHGLQWRWKHIROORZLQJVHFWLRQV
• 3ZDYHLVDVPDOOORZYROWDJHGHIOHFWLRQZKLFKLVDSURGXFWRIHOHFWULFDOH[FLWDWLRQ,WLVFDXVHGE\WKHGHSRODUL]DWLRQRIWKH
DWULD7KH3ZDYHLVXVXDOO\VPRRWKDQGSRVLWLYH7KH3ZDYHGXUDWLRQLVQRUPDOO\OHVVWKDQVHF
• 456 FRPSOH[ LQGLFDWHV WKH H[FLWDWLRQ RI YHQWULFOHV ,W LV WKH ODUJHVWDPSOLWXGH SRUWLRQ RI WKH (&* FDXVHG E\ FXUUHQWV
JHQHUDWHGZKHQWKHYHQWULFOHVGHSRODUL]HSULRUWRWKHLUFRQWUDFWLRQ7KHQRUPDO456LQWHUYDOUDQJHLVIURPVHFWR
VHFPHDVXUHGIURPWKHILUVWGHIOHFWLRQWRWKHHQGRIWKH456FRPSOH[
• 35 LQWHUYDO LV WKH SRUWLRQ RI WKH (.* ZDYH IURP WKH EHJLQQLQJ RI WKH 3 ZDYH RQVHW RI DWULDO GHSRODUL]DWLRQ WR WKH
EHJLQQLQJRIWKH456FRPSOH[RQVHWRIYHQWULFXODUGHSRODUL]DWLRQ,WLVQRUPDOO\VHFRQGV
• 47LQWHUYDOEHJLQVDWWKHRQVHWRIWKH456FRPSOH[DQGHQGVDWWKHHQGRIWKH7ZDYH,WUHSUHVHQWVWKHWLPHRIYHQWULFXODU
GHSRODUL]DWLRQXQWLOYHQWULFXODUUHSRODUL]DWLRQ
• 67 6HJPHQW UHSUHVHQWV WKH SHULRG RI YHQWULFXODU PXVFOH FRQWUDFWLRQ EHIRUH UHSRODUL]DWLRQ 7KH 67 VHJPHQW LV QRUPDOO\
LVRHOHFWULFQRHOHFWULFDODFWLYLW\LVUHFRUGHG


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• 7ZDYHLVWKHUHVXOWRIYHQWULFXODUUHSRODUL]DWLRQZKHUHE\WKHFDUGLDFPXVFOHLVSUHSDUHGIRUWKHQH[WF\FOHRIWKH(&*67
VHJPHQW7KHZDYHLVQRUPDOO\URXQGHGDQGSRVLWLYH
• 55LQWHUYDOUHSUHVHQWVWKHGXUDWLRQRIYHQWULFXODUF\FOHDQG33LQWHUYDOLVWKHDWULDF\FOH
7KHPRUSKRORJ\RI3ZDYHLQDQ(&*ZDYHIRUPUHIOHFWVWKHSURFHGXUHRIDWULDOGHSRODULVDWLRQWKDWRI456FRPSOH[LVUHODWHGWR
YHQWULFXODUGHSRODULVDWLRQDQG7ZDYHIRUYHQWULFXODUUHSRODULVDWLRQ

ECG Data
7KHVWDQGDUG0,7%,+DUUK\WKPLDGDWDEDVH *ROGEHUJHU$/$PDUDO/$*ODVV/HW DO LVXVHG LQRXUH[SHULPHQWV
)LJ7KHVDPSOLQJIUHTXHQF\LV+]DQGWKHUHVROXWLRQLVVDPSOHVSHUP97KHKHDUWEHDWVZHUHUHFRJQL]HGE\WKHILGXFLDO
SRLQWVLQWKHGDWDEDVHDQGWKHRULJLQDOGDWDEDVHDQQRWDWLRQVZHUHDFFHSWHG)RUHDFKUHFRUGLQJWZRVLJQDOVIURPWZRGLVWLQFWOHDGV
DUHDYDLODEOH7KHVDPSOHG(&*VLJQDOVDUHILUVWILOWHUHGLQRUGHUWRUHPRYHXQZDQWHGDUWLIDFWVVXFKDVEDVHOLQHZDQGHULQJVGXHWR
UHVSLUDWLRQSRZHUOLQHLQWHUIHUHQFHDQGRWKHUKLJKIUHTXHQF\DUWLIDFWV
7KH VWXG\ LQYROYHG(&* UHFRUGLQJV IURP WKH0,7%,+DUUK\WKPLDGDWDEDVH 'H¶/DQQR\*')UDQF''HOEHNH - DQG
9HUOH\VHQ07ZHQW\RIWKHPZHUHVHOHFWHGIURPGDWDZLWKRXWDQ\DUUK\WKPLDIHDWXUHVRUIOXFWXDWLRQVLQDPLQXWH1RUPDO
FDVHV7ZHQW\RIWKHPDUHVXUURXQGHGE\YHQWULFXODUSUHPDWXUHFRPSOH[HV93&VFDVHVDQGWZHQW\RIWKHPDUHQHLJKERURIDWULDO
SUHPDWXUHFRQWUDFWLRQV$3&FDVHVDQGWKHUHPDLQLQJVHWVDUHWKHFRH[LVWHQFHRIYHQWULFXODUWDFK\FDUGLD97FDVHV

ECG Preprocessing and Approximation
7KHFRHIILFLHQWVRIWKH+HUPLWH/HJHQGUHDQG&KHE\VKHYEDVLVIXQFWLRQUHSUHVHQWDWLRQVDUHGHWHUPLQHGIURPDKLJKSDVVILOWHUHG
(&*VLJQDOLQRUGHUWRDYRLGSRRUILWVGXHWRWKHSUHVHQFHRIYHU\ORZIUHTXHQF\FRPSRQHQWV7KHEDVHOLQHILOWHULVLPSOHPHQWHGDVD
OLQHDUSKDVH ILQLWH LPSXOVH UHVSRQVH ORZSDVV ILOWHUZKLFK HVWLPDWHV WKHEDVHOLQHZDQGHU IROORZHGE\ VXEWUDFWLRQRI WKLV HVWLPDWH
IURPWKHRULJLQDO(&*±)LJ7KHILOWHUFRPSOLHVZLWKWKH$PHULFDQ+HDUW$VVRFLDWLRQ$+$UHFRPPHQGDWLRQVLQWHUPVRIFXWRII
IUHTXHQF\ IRUEDVHOLQH ILOWHULQJ7KHSURSRVHGVLPXODWRU IRU(&*DSSUR[LPDWLRQDOORZVXVLQJZDYHOHWVEXLOW LQ0DWODEDVZHOO DV
XVHUGHILQHG ZDYHOHWV VHOHFWLRQ RI FDVH DQG SDWLHQW IURP0,7 GDWDVHW SORWWLQJ WKH QRLV\ GDWD DQG SUHSURFHVVHG RQH GLVSOD\LQJ
VHOHFWHGSDUWV RI SDUWLFXODU UHFRUGLQJ QXPEHURI SRO\QRPLDOV XVHG FDOFXODWHG FRHIILFLHQWV DV D UHVXOW RI DSSUR[LPDWLRQ DQG OHDVW
PHDQVTXDUHHUURU)LJ



Fig.37KHSURSRVHGVLPXODWRUIRU(&*DSSUR[LPDWLRQ                                Fig. 46L[&KHE\VKHYSRO\QRPLDOV
+HUPLWHSRO\QRPLDOVIROORZWKHUHFXUVLRQ
1k0,xkH2xxH2xH 1kk1k t      

7KH\DUHRUWKRJRQDO IRU ff x ZLWKUHVSHFW WR WKHZHLJKWLQJ IXQFWLRQ  2xexpxu  ZKHUH x2xH1,xH 10    DQG
ıĲn-x   Ĳı DQG DUHGLODWLRQDQGWUDQVODWLRQIDFWRUV7KH+HUPLWHSRO\QRPLDOVLQWHUYDORIRUWRJRQDOLW\PDNHVWKHPYHU\XVHIXO
IRUVDPSOHVGHILQHGZLWKGLIIHUHQWVSDFH$IWHUQRUPDOL]DWLRQWKHRUWKRQRUPDO+HUPLWHSRO\QRPLDOVWDNHWKHIROORZLQJIRUP
429 George Georgiev et al. /  Procedia Computer Science  12 ( 2012 )  426 – 431 
0k,
ʌk!2
xH
2
x
exp
x
k
k
2
k t

 

I  
7KH/HJHQGUHSRO\QRPLDOVFRXOGDOVREHJHQHUDWHGE\PHDQVRIWKHUHFXUVLYHUHODWLRQVJLYHQEHORZ
1k0,xkPxxP1k2xP1k 1kk1k t    
ZKHUH xxP1,xP 10   DQG  7KH\ DUH RUWKRJRQDO IRU 1x1 dd  ZLWK UHVSHFW WR 1xu    7KH QRUPDOL]DWLRQ RI WKH /HJHQGUH
SRO\QRPLDOVOHDGVWRWKHIROORZLQJIRUPRIDQRUWKRQRUPDO/HJHQGUHSRO\QRPLDO
0kxP
2
1k2
x kk t
 I  
7KH&KHE\VKHYSRO\QRPLDOVRIWKHILUVWNLQGDUHDVHWRIRUWKRJRQDOSRO\QRPLDOVGHILQHGDVWKHVROXWLRQVWRWKH&KHE\VKHY
GLIIHUHQWLDOHTXDWLRQ
dt
ttz21
tt1
ʌL4
1
zT
2
t2
n
1n
³

 


  
IRU .x  7KH&KHE\VKHYGLIIHUHQWLDOHTXDWLRQKDVUHJXODUVLQJXODUSRLQWVDWDQG f ,WFDQEHVROYHGE\VHULHVVROXWLRQXVLQJ
H[SDQVLRQV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Fig. 5.)LUVWILYH+HUPLWHSRO\QRPLDOV                  Fig. 6. )LUVWILYH/HJHQGUHSRO\QRPLDOV

)LUVWILYH+HUPLWHDQG/HJHQGUHSRO\QRPLDOVDUHVKRZQLQ)LJDQG)LJ
:KLOH./DSSURDFK FDQQRW HIILFLHQWO\KDQGOHEHDWVZLWK ODUJHGLIIHUHQFHV LQ456GXUDWLRQ HJ QRUPDOEHDWV DQG39&¶V WKH
ZLGWKSDUDPHWHURI WKH+HUPLWHPRGHOSURYLGHVDQHIILFLHQWDSSUR[LPDWLRQRI WKHVHEHDWV7KH ODWWHUZDVSURSRVHGE\ /DJXQD3
-DQH 5 2OPRV 6 7KDNRU 19 5L[ + DQG &DPLQDO 3  DQG ODWHU H[WHQGHG E\ /DJHUKROP 0 3HWHUVRQ * %UDFFLQL *
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 +RZHYHU WKH\ GLG QRW VWXG\ KRZ WKH FKRVHQ QXPEHU RI SRO\QRPLDO PHPEHUV DIIHFWV WKH
DSSUR[LPDWLRQ HUURU DQG WKHUH DUH QR UHFRPPHQGDWLRQV DERXW WKH YDOXH RI WKHZLGWK SDUDPHWHU IRU GLIIHUHQW FDVHV:H SURYLGH D
GLVFXVVLRQRQWKLVPDWWHULQWKHIROORZLQJVHFWLRQ
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Experimental Results and Discussions
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VXP RI
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7KHYDOXHIRUWKHZLGWKSDUDPHWHU ı  LVVHW WR2XUH[SHULPHQWVZLWK(&*
DSSUR[LPDWLRQVKRZHGWKDWWKHEHVWVHWWLQJVIRU ı DUH  dd ı :KHQWKHZLGWKLVVPDOOHUWKHDSSUR[LPDWLRQLVEHWWHUDURXQGWKH
SLFNYDOXHVRI456FRPSOH[7KHLQFUHDVHRI ı OHDGVWREHWWHUDSSUR[LPDWLRQRIWKH(&*OHDGV7KHDSSURSULDWHFKRLFHRIWKHZLGWK
ı IRUGLIIHUHQWFDVHV1RUPDO93&$3&DQG97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RI WKH ZLGWK SDUDPHWHU ZH UHFHLYHG DO HDVW VTXDUH HUURU  DQG  ZKHQ XVLQJ UHVSHFWLYHO\  DQG  +HUPLWH
SRO\QRPLDOV
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Fig. 8. 5HVXOWVRIDSSUR[LPDWLRQRI456FRPSOH[ZLWKDQG&KHE\VKHYSRO\QRPLDOVDOHDVWVTXDUHHUURU E
OHDVWVTXDUHHUURU FOHDVWVTXDUHHUURU 

)LJVKRZVWKHUHVXOWVRIDSSUR[LPDWLRQRI456FRPSOH[ZLWK&KHE\VKHYSRO\QRPLDOVZKHUHWKHQXPEHURISRO\QRPLDOVXVHG
LV   DQG D QG WKH UHVSHFWLYH OHDVW VTXDUH HUURUV DUH   DQG  ,I ZH LQFUHDVH WKH QXPEHU RI
SRO\QRPLDOVWRWKHVXPRIVTXDUHGHUURUEHFRPHVZKDWPHDQVWKDWWKH(&*FXUYHLVDOPRVWFRPSOHWHO\FRYHUHGDWWKH
H[SHQVHRIFDOFXODWLRQWLPH
431 George Georgiev et al. /  Procedia Computer Science  12 ( 2012 )  426 – 431 
5HVXOWVRIDSSUR[LPDWLRQRI456FRPSOH[ZLWKDQG/HJHQGUHSRO\QRPLDOVDUHVKRZQLQ)LJ7KHUHVSHFWLYHOHDVWVTXDUHG
HUURUVDUHDQG:HREVHUYHWKDWLQFUHDVLQJWKHQXPEHURISRO\QRPLDOVOHDGVWREHWWHUDSSUR[LPDWLRQDURXQGWKH
SHDNRIWKH456FXUYHEXWDSSUR[LPDWLRQRIWKH(&*VLJQDORXWVLGHWKLVDUHDLVQRWVPRRWK
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Fig. 9. 5HVXOWVRIDSSUR[LPDWLRQRI456FRPSOH[ZLWKDQG/HJHQGUHSRO\QRPLDOVDOHDVWVTXDUHHUURU 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OHDVW
VTXDUHHUURU 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